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. A, Schematic drawing of the murine Pik3c2a wild-type allele (top), of the targeting vector engineered for homologous recombination (mid) and of the modified allele after recombination. A lacZ (bacterial β-galactosidase) reporter-neoR cassette was inserted in-frame with the endogenous ATG start codon (exon 1 of Pik3c2a). A probe for screening of neomycin-resistant ES clones (shown as a black bar) was designed to detect an 8 kb and a 9 kb fragment in the wildtype and the recombinant allele, respectively, upon digestion of the genomic DNA with PstI. B, Southern blot analysis of genomic DNA from wild-type and heterozygous ES cells. C,
Quantification of Pik3c2a mRNA in samples from wild-type, Pik3c2a
+/-and Pik3c2a -/-embryos at the 1-5 somite stage by qPCR. To amplify Pik3c2a transcript, two specific assays were designed:
assay #81 amplified a cDNA sequence comprising exon1/2 junction (left), while assay #100 comprised the exon 12/13 junction (right). A 50% reduction is observed in heterozygous embryos while in the null embryos the Pik3c2a mRNA is nearly undetectable . D, Western blot analyses of PI3K-C2α protein expression in wild-type, Pik3c2a +/-Pik3c2a -/-embryos is evidenced with two different antibodies recognizing either the N-terminal (left) or the C-terminal (right) portion of PI3K-C2α. Equal loading was monitored by vinculin expression. A reduction of the PI3K-C2α protein level is observed in heterozygous, while complete loss is evidenced in Pik3c2a -/-samples. E,
Immunofluorescence labeling the PI3K-C2α product PtdIns3P (red) at the base of the primary cilium (acetylated α-tubulin, green). Bar=200 nm. 
EXTENDED EXPERIMENTAL PROCEDURES

Generation of Pik3c2a knock-out mice.
A lacZ (bacterial β-galactosidase)-neoR cassette was inserted in-frame with the ATG start codon of Pik3c2a via bacterial recombination. The targeting vector was electroporated in 129-strain mouse ES cells, clones were selected for neomycin resistance and screened by Southern blot (Suppl. 
Expression vectors
The mGFP-2xFYVE construct was obtained from Dr. T. Balla (NIH, Bethesda MD, USA), the (Gaidarov et al., 2005 ) to obtain PI3K-C2α KD . PI3K-C2α cIII was engineered as described in (Posor et al., 2013) . Briefly, PI(3)K C2a was mutated from 1283KRDR1286 to 1283KPLP1286 in order to introduce putative PI head-group interaction sites from class III PI3Ks within the core catalytic center of PI3K-C2α.
Immunofluorescence
Immunofluorescence of PFA 4% fixed primary MEFs and IMCD3 cells followed standard In situ localization of Smo and acetylated-Tubulin in nodal cilia was done on embryos at the presomite stage essentially as described (Corbit et al., 2005 Immunofluorescence was performed essentially as described in (Milenkovic et al., 2009 ). Affinity purified rabbit polyclonal antisera against mouse Smo (anti-SmoC) was a kind gift of R. Rohatgi. 
Western blotting
Protein extraction, SDS-PAGE and western blotting followed standard procedures. Antibodies:
anti-PI3K-C2α monoclonal (anti p170 #611046 BD Transduction Laboratories), anti-PI3K-C2α polyclonal (PI3 kinase C2 alpha antibody [C3], C-term, GTX104640, GeneTex, Irvine, CA, USA) polyclonal anti-Gli3 (AF3690, R&D systems, Inc), anti-Rab11a monoclonal (BD Bioscience #610657), polyclonal anti-Transferrin Receptor (Sigma).
In situ hybridization
For ISH, pregnant females were sacrificed considering the morning of the vaginal plug as E0.5.
Embryos were dissected and staged based on morphology and on somite counting. Experiments were performed on wild-type and mutant embryos that showed same number of somites (1-5).
Hybridization followed the protocol provided in (www.hhmi.ucla.edu/derobertis/), with few modifications to allow genotyping after staining. Probes were prepared as digoxygenin ( (Morsut et al., 2010) .
Gli3R/Gli3FL measurement
Experiments were performed on wild-type and mutant embryos that showed same number of somites (1-5), Pik3c2a -/-embryos were from E9.0-E9. 
Gene expression in single embryos
Wild-type, Pik3c2a
, Pik3c2a -/-embryos were dissected clean of extra-embryonic tissues (used for genotyping), staged and collected individually in RNA-later (Invitrogen, Carlsbad CA, USA).
Embryos displaying 1-5 somites were used to extract total RNA using the TriPure Reagent (Roche) followed by isopropanol precipitation. RNA was quantified and subjected to Real-Time qPCR as indicated below. Relative abundance of Ptch1, Gli1, Fgf8 and Pik3c2a mRNAs was determined as described below. mRNA input was normalized with TATA-binding protein mRNA.
Real-time qPCR.
For Real-time qPCR analyses, retrotranscription was done with High-Capacity cDNA RT kit (Applied Biosystems, Foster City, CA, USA). Relative mRNA abundance was determined by RealTime qPCR, using the ABI Prism 7900 Real-Time PCR system (Applied Biosystems) with Taqman assays from the Universal Probe Library (Roche). Primer sequences are listed above. For the rescue experiment of Shh response, NIH 3T3 cells were infected with either control (pGIPZ empty) or sh1 sequence to silence Pik3c2a, as described. Cells at 3 rd passage after infection were plated 100.000/well on 12-well-plates, transfected with Effectene Transfection Reagent with 0.8-1.5
Gene name
µg of plasmid DNA to express Rab11 WT, Rab11 Q70L, PI3K C2α CIII. 12h after transfection, cells were serum-starved (DMEM 1% bovine serum) for 36 h, then stimulated with 100 nM rm-
